Abstract. Dielectron production in pp and dp reactions at 1.25 A.GeV has been studied with the High Acceptance DiElectron Spectrometer (HADES) at GSI. Results obtained in inclusive and exclusive channels are shown, along with π + , π − and η production in pp reactions at 1.25 and 2.2 GeV. Perspectives of experiments with π − beams are outlined.
INTRODUCTION
The main objective of the High-Acceptance Di-Electron Spectrometer (HADES) at GSI is the search for in-medium modifications of ρ and ω vector mesons in hot and/or dense baryonic matter [1] . One specificity of the 1-2 AGeV energy regime is however the important role played by baryonic resonances, which, in heavy-ion collisions, can propagate and regenerate due to the long life-time (15 fm/c) of the dense hadronic matter phase.
The first results from the HADES collaboration for the 12 C+ 12 C reaction at 1 and 2 AGeV [2] have confirmed the results of the DiLepton Spectrometer (DLS) at Berkeley which were unexplained for years [3] and triggered new calculations which are now able to describe rather well the dilepton production measured in the 12 C+ 12 C reactions by DLS and HADES as well as the more recent results from the Ar+KCl reaction at 1.76 AGeV [1] . These studies have pointed to the important role played by the nucleon-nucleon bremsstrahlung and Δ Daliz decay processes in the dilepton production at intermediate invariant masses. In particular, the new HSD results [4] are using the recent bremsstrahlung calculation from [5] , which is a factor 2-4 higher than other calculations. However, this bremstrahlung prediction is at variance with other approaches [6] . In addition, other transport model calculations [7] reproduce quite well the data with different relative contributions of bremstrahlung and Δ Dalitz decay processes. More selective experimental constraints on these specific dilepton sources seem therefore be necessary to achieve a satisfactory explanation of the intermediate-mass dilepton production, which is a prerequisite to the study of medium modifications of ρ and ω properties. This motivates the study of the p+p and quasi-free n+p reactions with HADES experiments at 1.25 GeV, i.e. below the η production threshold, which is the main subject of this contribution.
Δ DALITZ DECAY AND NN BREMSSTRAHLUNG
In the reaction NN→NNe + e − , the diagrams involving only nucleons in the intermediate state ( fig. 1 ) are often gathered around the term "nucleon-nucleon bremsstrahlung", while the graph with Δ production followed by emission of the e + e − pair is refered as "Δ Dalitz decay". The Soft Photon Approximation (SPA) [8] is widely used for the bremsstrahlung treatment in transport model calculations, the Dalitz decay dilepton yield being calculated independantly and added incoherently. However, different expressions are used for the differential decay width of the Δ Dalitz decay process [9] . We could confirm the expressions of [9] or [10] .
Two full quantum mechanical and gauge invariant One-Boson Exchange (OBE) calculations [5, 6] were performed recently and the yields were found a factor about 2-3 higher in [5] than in [6] for both pp and pn reactions, the calculation [6] being much closer to the SPA predictions. An experimental check of these predictions is therefore needed to clarify the situation.
For an incident energy of 1.25 GeV, the Δ Dalitz decay contribution (intermediate Δ excitation and post-emission) is dominant in the case of the pp reaction, except above 400 MeV/c 2 , while, for the pn reaction, contributions by the nucleon currents are much more important. So, by measuring dielectron spectra in pp and np reactions, a selective sensitivity to these different contributions can be obtained.
Further important elements of these calculations are the elastic nucleon form factor, discussed in [5] , and the N-Δ transition form factors. In both cases, the electromagnetic vertex is time-like, since the four-momentum transfer squared q 2 , is equal to the squared dielectron mass, i.e. a positive quantity. The three N-Δ transition form factors (G E (q 2 ), G M (q 2 ) and G C (q 2 ) as electric, magnetic and Coulomb form factors, respectively) are yet unknown in the time-like region and models have to be used. The Dalitz decay branching ratio depends mainly on the values of the form factors at q 2 =0 (photon point, known from pion photoproduction experiments). Nevertheless, despite the small q 2 values probed by the dilepton production in our reactions (q 2 < 0.3 (GeV/c) 2 for an incident energy of 1.25 GeV), the shape of the dielectron spectrum might be influenced by vector dominance baryon form-factors models, which predict structures in the vicinity of the ρ meson mass. Two different approaches were followed in our event generator PLUTO [11] : The first one, in analogy with the description of the π 0 and Δ Dalitz decay in transport model calculations, is based on the dominance of the Δ resonance, and provides a description of the following channels:
The details of the treatment of the Δ production and decay, slighlty modified from [12] are given in [11] and could be checked quite precisely, using the new measurements by HADES in the hadronic channels pp → ppπ 0 and pp → pnπ + [13] . Two options for the N-Δ transition form factors are provided: either a constant magnetic form factor (G M =3, G E =0, G C =0) in agreement with the photon-point measurements), or the two-component quark-model [14] , which is mainly based on the Vector Meson Dominance Model in our energy range ( fig. 1 ). The second approach aims at a direct comparison with the OBE predictions. In these models, the form factors are very close to the constant magnetic form-factor option. The differential cross sections (dσ /dM) provided by the models [5, 6] have been parameterized, an isotropic virtual photon and nucleon emission was further assumed and corrections due to Final State Interaction of the two outgoing nucleons were included. To simulate the quasi-free n+p reaction, the neutron momentum distribution in the deuteron rest frame was taken into account using the Paris potential, and the η production, when allowed, was provided with cross-sections according to existing data [15] . The generated events were then filtered through the detector acceptance in order to compare to the experimental data.
EXPERIMENTAL SET-UP AND DATA ANALYSIS
The HADES detector is described in detail in [16] . It was designed for a selective reconstruction of e + e − pairs, but it also provides π + , π − , K + , K − and proton identification in the polar angle range between 18 • and 85 • . The dilepton invariant-mass resolution is about 2.4% at the ω meson mass and the proton momentum resolution about 3%. In addition to the "standard" HADES spectrometer, a Forward Wall scintillator hodoscope (FW) located 7 m downstream the target provided time of flight measurements in the experiments with the deuterium beam to detect spectator protons in quasi-free n+p reactions. The combinatorial background was obtained as the arithmetic mean of like-sign e + e + and e − e − pairs and was subtracted from the measured e + e − sample. The correlated pairs from photon conversion were also removed, using a lower limit of 9 • on the opening angle of the pair. Detection and efficiency corrections, based on GEANT simulations, were applied, and the final spectra were normalized using the elastic (or quasi-elastic) pp scattering measured simultaneously by HADES. The overall normalization error was estimated to be 9%, the systematic error to about 20%, with a possible smooth invariant mass dependence. In the case of the d+p experiment, a condition on the momentum (1.6 GeV/c < p FW < 2.6 GeV/c) and on the angle (0.3 • < θ FW < 6 • ) of the particle detected in the FW was added. Figure 2 shows the dilepton mass spectra measured in the pp and quasi-free np reactions [17] compared to the simulations as described in the previous section. For both reactions, there is a good agreement between the dilepton yield measured at low invariant masses and the simulation of the π 0 Dalitz decay, which confirms the normalization and analysis procedures. In the case of the pp reaction, the region of invariant masses larger than 140 MeV/c 2 is well described by the simulation of the Δ Dalitz decay. The agreement is even better when the two-component quark model is used instead of the constant magnetic form factor (G M =3), which illustrates the sensitivity of these data to the electromagnetic structure of the N-Δ transition. However, a more accurate description is expected from the OBE models, since they take into account all diagrams involving intermediate Δ or nucleons. The predictions of [6] (shown as dashed line) are indeed in pretty good agreement with the data, but the other OBE model [5] (full line) overestimates the data.
INCLUSIVE DILEPTON SPECTRA IN PP AND QUASI-FREE PN REACTIONS
The shape of the spectrum changes dramatically when going from p+p to n+p interactions. In the mass region between 0.15 and 0.35 GeV/c 2 , the yield is about a factor 9 higher in the case of the n+p reaction, while only a factor 2 is expected for the Δ Dalitz decay contribution due to the isospin factors. The resonance model simulation widely underestimates the measured dilepton yield. The η Dalitz decay contribution is rather small and the inclusion of the N-Δ transition form factor model does not help either. In this simulation is missing the nucleon-nucleon bremsstrahlung contribution, which is expected to be in the case of the pn system much larger than in the case of pp. However, no satisfactory agreement is achieved, in particular with the model of [6] , despite its good behaviour in the case of the pp data. Various tests were applied to select more strictly quasi-free reactions, with no change in the shape of the invariant mass distribution. No clarification was provided either by the transverse momentum and rapidity spectra, which present very similar shapes as compared to the p+p reaction. The interpretation of the pn dilepton spectra is still the subject of theoretical investigations, related for example, to possible ρ or ω meson off-shell production by higher-lying resonances or contribution of non quasi-free processes.
The dilepton spectra measured in pp and quasi-free np experiments are also used to build a reference spectrum, which is compared to the dilepton spectra measured in heavy-ion reactions, as discussed in [1] . 25 GeV/nucleon. The dotted (red on-line) and dashed curves show the contributions of π 0 and Δ Dalitz decay, respectively, in simulations using the resonance model. The enhancement due to the N-Δ transition form factor is shown as the grey area. The dashed and full curves are the results of simulations using the OBE models [6] and [5] , respectively
EXCLUSIVE CHANNELS IN PP REACTIONS
Dedicated exclusive channels can be isolated, by exploiting the capability of HADES to measure charged hadrons [13] . In the pp reaction at 1.25 GeV, events with one proton detected in addition to the e + e − pair are used to get more selective information on the Δ Dalitz decay process and on the possible pp bremsstrahlung contribution. In order to suppress the π 0 Dalitz decay process, only events with e + e − invariant masses larger than the π 0 mass are selected. The missing mass spectrum for these 200 events, shown in left part of fig. 3 is peaked at the proton mass with a width as expected from the simulation, which proves that the reaction pp → ppe + e − is well selected, and that the combinatorial background has been sucessfully subtracted. As expected, the reaction pp → ppe + e − π 0 does not contribute significantly. The invariant mass and the center-of-mass angle of the (p,e + ,e − ) system are also well described by the simulation, which supports the interpretation of Δ Dalitz decay process. Despite the smearing induced by the two indistinguishible protons in the exit channels, these observables are characteristic of the Δ production, and their good description by the simulation is checked very precisely using the purely hadronic exclusive channels pp→pnπ + and pp→ppπ 0 [13] . Another interesting observable is the helicity angle α, defined as the angle between the momentum vectors of the lepton and virtual photon, after the following Lorentz boosts: first, the leptons and virtual photon are boosted to the rest frame of the moving (p,e + ,e − ) system; then the leptons are boosted to the γ rest frame. The experimental distribution of this angle, obtained for both electrons and positrons after efficiency and acceptance corrections, is shown in the right part of fig. 3 . The distribution is clearly anisotropic and in agreement with a 1+ cos 2 α behavior within given error bars. It has to be noted that the consistency of the helicity angle reconstruction could be checked in the case of π 0 and η Dalitz decays studied in pp→ppe + e − γ reactions at 2.2 GeV [13] . As the 1+cos 2 α shape is expected by QED in the case of the Δ Dalitz decay process, when the Coulomb transition amplitude is neglected, [18] , this is an additionnal hint that the Δ Dalitz decay has been identified for the fist time. As deduced from the left part of fig. 3 , the measured yield is, within about 15%, in good agreement with the simulation of the Δ Dalitz decay process, which assumes a branching ratio of 4.210 −5 .
PERSPECTIVES FOR PION INDUCED REACTIONS
The dilepton spectroscopy in π induced reactions on nuclei is proposed in order to study medium effects on ρ and ω mesons, with the advantage, with respect to heavy-ion induced reactions, of stronger in-medium effects of the ω meson and reduced combinatorial background. This would also complement the on-going studies of ρ/ω production at normal nuclear density in p+Nb. Due to the well-known interaction and the possibility of exclusive channel measurements, such reactions constitute a unique tool to study ω and ρ production, with a special interest of subthreshold production via the coupling to baryonic resonances [19] . As these couplings are related to the electromagnetic struc- ture of the resonances, these measurements present a fundamental interest. Strangeness production measurements in pion beam induced reactions are also envisaged.
From the technical point of view, some developments are still needed to check the feasibility of these experiments. A pion beam intensity of 10 6 particles/s is required, which is in principle accessible and fast and thin position sensitive beam detectors are under study to fully reconstruct the trajectory and momentum of incident pions.
CONCLUSION
The study of elementary reactions is an important part of the HADES experimental program [1] .
Comparison of the inclusive spectra measured in the pp reaction at 1.25 GeV with OBE models help to clarify the controversial problem of contribution of Δ Dalitz decay and bremsstrahlung processes, and the interpretation of the inclusive pn spectra measured at the same energy remains challenging.
Combining the analysis of the pp inclusive dilepton spectra and the very preliminary results from the exclusive pp→ppe + e − channel, we can identify for the first time the Δ Dalitz decay. The yield is in agreement with the branching ratio of 4.210 −5 predicted by QED calculations. The shape of the invariant mass spectrum shows sensitivity to the timelike N-Δ electromagnetic form-factor. The detection of the proton provides more selective observables which could be useful to estimate the pp bremsstrahlung contribution.
Another unavoidable requirement for interpretation of dilepton spectra in terms of medium effects is a careful description of the vector meson production, which implies the knowledge of the inclusive meson production crosssection. This is provided by the ongoing analysis of the p+p reaction at 3.5 GeV also measured by HADES [20] .
Finally, pion beam experiments offer interesting perspectives to clarify the role of higher lying resonances.
